1. A renin-like enzyme in aortic tissue of the spontaneously hypertensive rat was found to be a freely dissociable enzyme (saline homogenization) with an affinity for the renin inhibitor pepstatin. At neutral pH values, the enzyme was active in homologous plasma to produce angiotensin I, and therefore distinct from pseudorenin and cathepsin D. The arterial enzyme and semi-purified renal renin could not be distinguished on the basis of K , values by using homologous renin substrate
1. A renin-like enzyme in aortic tissue of the spontaneously hypertensive rat was found to be a freely dissociable enzyme (saline homogenization) with an affinity for the renin inhibitor pepstatin. At neutral pH values, the enzyme was active in homologous plasma to produce angiotensin I, and therefore distinct from pseudorenin and cathepsin D. The arterial enzyme and semi-purified renal renin could not be distinguished on the basis of K , values by using homologous renin substrate
2. An inverse relationship between the aortic renin content of the spontaneously hypertensive rat and the progressive increase of systolic blood pressure was observed with age. In contrast to this strain of rat, aortic renin of the normotensive WKY strain did not decline with age.
3. Plasma renin concentration and the aortic renin content of the spontaneously hypertensive rat showed divergent changes in response to a blood pressure fall associated with acute diuretic therapy, chronic administration of hydrallazine and in some animals in response to chronic administration of propranolol.
4.
A low sodium diet elevated both plasma and aortic renin and retarded the progressive increase of blood pressure in the spontaneously hypertensive rat. A high sodium diet accelerated the progress of hypertension with no effect on aortic or plasma renin.
5 . Antihypertensive therapy (1-6 weeks), result-
Introduction
The presence of renin-like enzymes has been reported in arterial tissue from hog (Gould, Skeggs & Kahn,1964) , rat (Genest, Simard, Rosenthal & Boucher, 1969) and dog (Hayduk, Brecht, Vladutiu, Simard, Rojo-Ortega, Belleau, Boucher & Genest, 1970b) . Although there is some controversy as to whether or not a true renin-like enzyme exists in extrarenal tissues (Day & Reid, 1976) , it has been demonstrated (Gould et al., 1964) that the renin-like enzyme of hog aortic tissue, partially purified by salt precipitation, has the same p H optimum and reaction kinetics as the kidney enzyme.
In the rat, several manoeuvres known to influence plasma renin were shown to induce parallel changes in the activity of arterial renin (Rosenthal, Boucher, Rojo-Ortega & Genest, 1969) . Dehydration or adrenalectomy increased both arterial and plasma renin, whereas bilateral nephrectomy resulted in a parallel fall in both enzymes. Restriction of dietary sodium, which 26 1 increases plasma renin, significantly increased arterial renin (Hayduk, Brecht, Vladutiu, RojoOrtega, Boucher & Genest, 1970a) . However, Hayduk et al. (1970a) have shown that haemorrhage in the bilaterally nephrectomized dog increased the renin content of the mesenteric artery, despite the fact that the plasma renin remained depressed. In the 12 day nephrectomized dog, arterial renin activity was not significantly different from that of non-nephrectomized control animals.
We and others have postulated that local generation of angiotensin within arterial tissue may be related to blood pressure control. However, arterial renin activity was not changed in chronically hypertensive dogs after 6 weeks' application of a Goldblatt clamp with or without contralateral nephrectomy (Hayduk, Ganten, Boucher & Genest, 1972) . Studies correlating arterial renin activity and the progression or regression of hypertension have not been reported.
We have now partially characterized aortic renin, and also explored whether interrelationships exist between blood pressure, arterial renin content and the circulating renin system. For these studies the spontaneously hypertensive rat was given antihypertensive agents with differing modes of action: a diuretic (metolazone), a vasodilator (hydrallazine) and a B-adrenergic-blocking agent (proprznolol). We have also studied the effects of low and high sodium diets.
Methods

Animal models and tissue preparation
Breeding pairs of the spontaneously hypertensive (SH) rat and the normotensive WKY strain were obtained from the U.S. National Institutes of Health; colonies were developed at the Veterans Administration Hospital, Sepulveda, California, U.S.A. Groups of animals (of either sex) were matched with respect to age and weight for each protocol. Animals were anaesthetized with pentobarbitone (50 mg/kg) and 0.6-0.8 ml of blood was withdrawn from the carotid artery as previously described for plasma renin determination (Barrett, Eggena & Sambhi, 1977) . After midline dissection, the renal arteries and veins were clamped (within 10-20 s) and the aorta was removed from the aortic arch to the bifurcation of the iliac arteries. The aorta was cut longitudinally, washed in cold NaCl solution (0.15 mol/l) with traces of coagulated blood being removed manually, blotted and weighed. After freezing and thawing (three times), aortic tissue from individual animals was homogenized in 1.0 ml of NaCl solution (0.15 mol/l) at 2OC in the Brinkman Polytron (4 x 15 s, maximum speed). The homogenate was centrifuged for 20 min at 47 000 g and the supernatant frozen in a solid CO,/ethanol slurry.
Biochemical studies
Plasma renin was determined by incubation of individual plasma samples (0.05 ml) with the addition of substrate-rich plasma (0.25 ml) from 24 h nephrectomized Wistar rats. Similarly, tissue renin was determined in aliquots of arterial tissue extract (0.3 ml) and 0.3 ml of substrate-rich plasma. As a control, the plasma used as substrate was also incubated with an equivalent volume of saline to determine endogenous renin activity. The conditions of incubation and the angiotensinase inhibitors employed have previously been described (Barrett, Eggena & Sambhi, 1976a) . To terminate the renirl reaction, a 0.1 ml aliquot of the incubation medium was pipetted into 1.0 ml of distilled water (l0OOC) and heated for 10 min. Generated angiotensin I was quantified by radioimmunoassay (Eggena, Barrett, Sambhi & Wiedeman, 1974) . The quantity of angiotensin I generated in the salinenephrectomized rat plasma control samples (usually less than 8.6 pmol of angiotensin I h-' ml-') was subtracted from the values obtained with tissue or plasma samples to correct for the endogenous renin activity of the nephrectomized rat plasma. Since the renin substrate concentration in most incubations were not sufficient to maintain zero-order reaction rates with respect to renin concentration, all results reflect renin activity rather than true renin concentration. However, since the concentration of renin substrate employed was in excess of that found in normal plasma and does not reflect the actual plasma renin activity, the term renin concentration will be employed for plasma samples and renin content for the arterial tissue. Plasma renin concentrations are expressed as nmol of angiotensin I generated per hour per ml of test plasma. Arterial renin content is expressed as nmol of angiotensin I generated per hour per g wet of tissue per ml of homogenate. Total renin substrate was measured by methods previously described (Barrett, Eggena & Sambhi, 1976b) with an excess of homologous renal renin. Although no statistically significant differences in the total renin substrate concentration of various pools of plasma from nephrectomized animals were observed, the resulting rates of angiotensin I generation after the addition of renin were variable. Since storage of a large pool of plasma from nephrectomized animals, sufficient for all studies, was not practical, a pool of sufficient quantity for each individual study protocol was obtained. When arterial or plasma renin was determined in the various experimental groups, age-and weight-matched, non-treated animals of the same strain were included as control rats. Comparisons between the control or treated animals from one experimental protocol to another are therefore not valid.
?he synthetic renin substrate, tetradecapeptide (TDP, Schwarz/Mann) at a concentration of 6.7 x mol/ml in Na,HPO,/NaH,PO, buffer (0.1 mol/l), pH 7.4 or 5.5, or in glycine/HCl (0.05 mol/l), pH 4.5, was ubtd as substrate in experiments to test for pseudorenin activity.
In an attempt to further purify aortic renin, affinity chromatography with pepstatin was employed. Pepstatin (kindly supplied by Dr H. Umezawa, Banga Pharmaceutical Co.) was coupled to Sepharose 4B (Murakami, Inagami, Michelakis & Cohen, 1973) . The affinity column (1 cm x 15 cm) was equilibrated in Tris/HCl (0.05 mol/l), pH 7.4, and bound proteins were eluted with a NaCl gradient (0-1 mol/l).
To determine the kinetic rate constants, K , and V,,,., of aortic and renal renin, homologous plasma was diluted in phosphate buffer (0.1 mol/l), pH 7.4; duplicate samples were incubated with saline (control), arterial tissue homogenate or renal renin. Double-reciprocal plots of the velocity of angiotensin I generation and substrate concentration were constructed for determination of the Michaelis constant (K,) and maximal velocity (Vmax) by linear least-squares regression analysis.
Study protocols
Blood pressure. The Narco Biosystems tail-cuff Electrosphygmograph Coupler (type 721 1) and Statham recorder (SP 2006) were used for measurement of systolic blood pressure of the conscious rat.
Experimental diets. Standard (0.29% NaCl), high (3.15% NaCI) or low (0.05% NaCI) diets (Purina) were given with tap water, 1% NaCl or distilled water respectively for a period of 25 days.
Drugs. Metolazone (Zaroxolyn, Pennwalt Pharmaceuticals, 0.5 mg/kg), diluted in NaCl solution (0.15 mol/l), was given daily by intramuscular injection for 23 days. Control animals received only injections of NaCl (0.15 mol/l). Both groups received tap water for drinking. Hydrallazine (80 mg/l) or propranolol (720 mg/l) were dissolved in distilled water. Daily water consumption averaged 40 ml per rat. The daily dose of hydrallazine and propranolol averaged 12.8 mg/kg and 40 mg/kg respectively. The rats received hydrallazine for a period of 23 days and propranolol for 40 days. Non-treated animals of the appropriate strain, maintained on standard rat chow (Purina) and distilled water were included as controls for the hydrallazine and propranolol groups.
Statistical analysis
Group comparisons are expressed as mean value ? SEM, with n as the number of observations. Significance of differences was determined with the unpaired t-test. Results of replicate measurements are given as mean value + SD.
Results
Characterization of aortic renin
When arterial tissue extracts (0.15 mol/l NaCI) were incubated with nephrectomized rat plasma (pH 7.4), the rate of angiotensin I generation was linear for the duration of incubation (up to 22 h, r = 0.99, y = 0 . 0 6 0 9~ + 0.278, P < 0.001; y = nmol of angiotensin I, x = time). This linearity suggests not only stability of the enzyme, but also an effective inhibition of angiotensin I degradation. A linear increase in angiotensin I generation was also observed when increasing quantities of aortic extract (0.05, 0.1 and 0.2 ml) were incubated with plasma for 18 h 0, = 10.5~ + 0.25, r = 0.99, P < 0.001; x = volume of tissue extract), again suggesting lack of angiotensin degradation. To further test for inhibition of angiotensinase activity, angiotensin I (0.39 mmol/ml final concentration) was added to the incubation medium and incubated for 22 h. Recovery of exogenous angiotensin I averaged 95.4 f. SD 7.1% when the quantity of angiotensin I generated by arterial homogenate and nephrectomized rat plasma was subtracted. Replicate determinations of renin content (n = 6), of individual saline extracts obtained from a pool of minced aortic tissue, averaged 2.6 +_ 0.5 nmol of angiotensin I h-' g-l. The majority of extractable renin was liberated by one homogenization with saline; a second extraction of the precipitates, after centrifugation of the NaCl homogenates, yielded only 2% of the activity of the first extract. Addition of Triton X-100 (l%), deoxycholate (0.5%) or sodium dodecyl sulphate (0.5%) to the extraction medium did not significantly alter the yield of renin after dialysis (24 h) against NaCl solution (0.15 mol/l) as compared with the NaCl extracts alone.
Arterial tissue preparations were also homogenized in acetone (4OC) to determine if the quantity of extractable enzyme was greater than with saline. The homogenate was filtered on Whatman no. 3 mm paper, air dried and the acetone-dried powder dissolved in NaCl (0.15 mol/l). The acetone-dried powders were incubated in triplicate at pH 5.5 and 7.4 with nephrectomized rat plasma and at pH 4.5, 5.5 and 7.4 with TDP as substrate (Table 1) . No renin activity was observed with the acetone-dried powder with plasma as the source of substrate at either pH. When TDP was used, however, the acetone-dried powder, on a g of tissue basis, was more active than the saline extract at pH 5.5 and 4.5. After evaporation of the acetone extract (water evaporator at 2OC) and addition of NaCl solution (0.15 mol/l), no renin activity was observed (plasma or TDP).
To determine the K , of the arterial enzyme and to compare it with that of semipurified kidney renin, duplicate pooled samples of saline extracts of aortic tissue (0.2 ml) and kidney renin (0.2 ml) were incubated for 18 h with serial dilutions ( n = 5 ) of substrate-rich plasma (nephrectomized rats) ranging in concentration from 38.6 to 659 nmolequivalents of angiotensin I/ml. The K , values of the two enzyme preparations were not significantly different, being 204.2 nmol/ml for aortic extract and 193.0 nmol/ml for kidney renin.
To test the biological activity of aortic extracts, tissue homogenates were pooled and concentrated (Amicon Diaflow) to approximately 80 mg of tissue/ml (wet weight). A fraction (0.1 ml) was injected intravenously into a ganglionic-blocked rat which had been nephrectomized for 18 h. Owing to the small quantity of tissue available the resulting increase in mean pressure was modest ( 3 4 mmHg); however, an equipotent dose of renal renin produced a pressor response of identical shape and duration (maximal pressure increase at 3.1 and 3.3 min respectively).
In an attempt to further purify arterial renin, saline extracts of aortic tissue (SH rats) were pooled and dialysed against Tris/HCl (0.05 mol/l), pH 7.4, for 24 h. After centrifugation at 47 OOOg, 2OC), the supernatant was applied to a pepstatin affinity column and washed with starting buffer -,. (Tris/HCI, 0.05 mol/l, pH 7.4) until the absorbance was below 0.05 (280 nm). Bound protein was eluted with a NaCl gradient, 0-1 mol/l (Fig. 1) . Eluted fractions were then incubated with TDP at pH 4.5, or with a preparation of semipurified rat angiotensinogen (Barrett et al., 1976b) at pH 7-4 for 18 h. A single peak of enzyme activity was observed (0.2-0.4 mol of NaCI/I) which could generate angiotensin I from either TDP or semipurified homologous angiotensinogen.
Aortic renin content and plasma renin concentration were also measured in the SHR 24 h after bilateral nephrectomy. Aortic renin content did not change significantly (0.95 & 0.27 nmol of angiotensin I h-' g-I for control animals, n = 4 vs 0.78 i-0-02 nmol of angiotensin I h-' g-l, n = 4, for animals 24 h post nephrectomy), although the plasma renin concentration of the nephrectomized animals was undetectable (minimum detectable activity 0.012 nmol of angiotensin I h-I ml-l).
Segments of arterial tissue from the carotid, iliac and renal arteries and the main aortic trunk were taken from 12 normotensive WKY rats to determine their renin content. Individual tissue segments from two rats were pooled and weighed before homogenization and assay. The highest renin content (ng of angiotensin I h-' g-' was localized in the renal artery (277 If: 109, n = 6), followed by the iliac (8.1 k 1.5, n = 6), the carotid (6.33 & 0.9, n = 6) and the major aortic trunk (2.23 f. 0.5, n = 6). In the present studies the aorta, with its branches, was used.
Species differences
A progressive decline of aortic renin content was observed with increasing blood pressure in the SH rat. Linear least-squares regression analysis of the aortic renin content b) and blood pressure (x) indicated a modest negative correlation between these variables (r = -0.41, P < 0-05). Aortic renin content of those SH rats failing to develop hypertension did not change with age. Aortic renin in the WKY strain measured at 1 and 12 months of age also did not change significantly (1.99 i-0.25 nmol of angiotensin I h-' g-l, n = 6, vs 2.7 & 0.74, n = 5). A modest inverse linear correlation between blood pressure and plasma renin in the SH rats was also observed (r = -0.52, P < 0.05). Plasma renin concentration in the WKY strain also fell (3-39 l-0.7 at 1 month vs 1.78 f. 0.23 at 12 months). Table 2 shows the progressive decline of mean aortic renin content and plasma renin concen- 
Blood pressure change and aortic renin
Metolazone. After 1 week of metolazone administration (0.5 mg day-' kg-'), a statistically significant fall in arterial renin content in both the SH and WKY rats was evident. In the SH rats, arterial renin content fell from a control value of 3-78 f. 0-67 nmol of angiotensin I h-' g-I to 1.11 f. 0.62 (-70.3%, P < 0-05). Arterial renin content also decreased in the WKY rats from 3.91 f. 1.02 during the control period to 1.82 f. 0.35 nmol of angiotensin I h-l g-' (-53.2%, P < 0-05). The fall in arterial renin content seen at 1 week of metolazone administration occurred in spite of a twofold increase in plasma renin concentration in both strains (Table 3) . Plasma renin concentration in the SH rats increased from 1.78 f 0.49 to 4.38 f 2.18 nmol of angiotensin I h-' ml-' (P < 0.05) after 1 week of metolazone and in the WKY rats week, a significant increase in arterial renin content in both the SH and WKY rats was observed. A significant fall in blood pressure in both the SH and WKY rats was observed only during the acute period of metolazone therapy, when arterial renin was suppressed. This was a dose-dependent effect in the SH rats since their blood pressure fell from 174 11 mmHg during the control period to 158 6 mmHg ( n = 6) at 1 week with 0.5 mg of metolazone day-' kg-I and to 149 k 4.8 mmHg (n = 6) at 1 week when the dose of metolazone was increased to 2.5 mg day-' kg-I. With these higher doses of metolazone, arterial renin activity was not detectable in the SH rats at 1 week. When S H rats were given metolazone (0.5 mg day-' kg-') for 1 week and given 1% NaCl solution as drinking fluid, the change in arterial renin was not as marked as with diuretics alone (-70 -I 17% for metolazone alone vs -24 & 3.5% for metolazone and saline) and no fall in blood pressure was observed. Sodium diet. SH rats were maintained on a standard, a low or high sodium diet, for a period of 25 days. Two of six animals receiving the high sodium diet appeared to show signs of sodium toxicity (excessive weight loss) and were not included in the analysis (Table 4 ). The aortic renin content in these animals was very low, 0.07 and 0.05 nmol of angiotensin I h-' g-' as conlpared with 2.39 f-1.93 for the remainder of the group. The blood pressure had decreased in these two animals (175 to 160 and 180 to 150 mmHg) but the mean blood pressure of the remaining four animals of the group increased. No significant change in arterial renin or plasma renin concentration was evident in the remaining four animals. Arterial renin content and plasma renin concentration in the low sodium group were significantly elevated above control values (P < 0.05). Blood pressure in the control group showed a 16 f 4 mmHg (P < 0.05) increase over the 25 days of the study. The expected rate of increase of blood pressure during this time period was accelerated in the high sodium group (38 k 5.7 mmHg, P < 0.05) and retarded in the low sodium group (8 2 4 mmHg, not significant) compared with the control period.
Hydrallazine. Hydrallazine (12.8 mg day-' kg-I) caused a significant fall in both arterial renin content and systolic blood pressure in the SH rats after 23 days of treatment (Table 5 ). There was no significant alteration in plasma renin concentration. The blood pressure fall averaged 35 2 5.7 mmHg from a control value of 146 k 4.3 and arterial renin was not detectable. Blood pressure in non-treated animals increased from 147 4.2 to 160 k 5.1 mmHg (P < 0.05) over the study period.
Propranolol. After 40 days of oral administration of propranolol, a modest but non-significant fall in arterial renin in the SH rats was observed (Table 6) , with no significant change in blood pressure. However, two SH rats did show a fall in blood pressure in response to propranolol (175 to 160 mmHg and 140 to 115 mmHg). It was observed that the arterial renin content in these two animals was low (0.18 and 0-22 nmol of angiotensin I h-' g-I vs 2.89 _+ 0.42 nmol of angiotensin I h-' g-' for the remainder of the proprano-101 group). Because of the fall in blood pressure and aortic renin, results from these two animals are shown separately in Table 5 . No significant change in plasma renin concentration was observed. Animals were maintained on control diet (Purina 0.29% Na, tap water), high Na (3.15% Na, 1% saline as drinking water) or low Na (0.05% Na, distilled water) diets. Animals were killed after 25 days of treatment. Control period blood pressure and body weights of the three groups are also given. * Significant difference ( P < 0.05) from the control period: t significant difference ( P < 0.05) from the control diet at the end ofthe study period.
Control diet
Low Na High Na TAELE 5. Effects of hydrallazine on blood pressure and arterial andplasma renin concentrations in the S H rat Hydrallazine (12.8 mg day-' kg-I in drinking water) was given for a period of 23 days. Blood pressure and body weight during the control period and at the end of study are given. * Significant difference (P < 0.05) from the control period; t significant difference from non-treated control rats at the end of the study. n. 
(nmol of A1 h-I g-')
(nmol of A1 h-' ml-') Plasma renin concn. 1.27 0.66 1.09 f 0.82 TABLE 6. Effects ofpropranolol on blood pressure and arterial and plasma renin concentrations in the S H rat Animals were given propranolol (40 mg day-' kg-' or distilled water as control) for 40 days. Control period blood pressure and body weights of the groups are given. * Significant difference from control (P < 0.05). The propranolol group has been divided into propranolol responders (n = 2) and propranolol non-responders (n = 4) on the basis of changes in conscious systolic blood pressure,
Control
Propranolol 
Discussion
We can confirm the existence of a renin-like enzyme in the aortic tissue of rats. Unlike the widely distributed pseudorenin (Skeggs, Lentz, Kahn, Dorer & Levine, 1969) or the cathepsin Dtype of enzyme isolated from dog brain (Day & Reid, 1976) , the enzyme we have extracted from rat aorta is pressor when injected intravenously, active at physiological pH in homologous plasma to produce angiotensin I (radioimmunoassay), and has a similar K, to that of kidney renin.
The enzymatic activity of saline extracts of aortic tissue is different from that detected in the acetone-dried powders. The acetone-dried powder of aortic tissue showed optimal activity against tetradecapeptide (TDP) at pH 4.5 and no angiotensin was generated at either pH 5.5 or 7-4 when plasma was used as the source of substrate. These are two of the criteria for a pseudorenin (Skeggs et al., 1969) . The saline extract, on the other hand, showed maximal activity against TDP at pH 5 . 5 and was equally active at pH 5.5 and 7.4 with plasma used as the source of substrate. Accordingly, it can be concluded that the enzymatic activity of the saline extract, at physiological pH (7.4) with plasma as a substrate, is due to a reninlike enzyme and that any contribution of a pseudorenin-like enzyme is negligible.
Elution of the enzymatic activity of the saline extract from the pepstatin affinity column as a single peak does not necessarily imply the presence of a single enzyme. Although a 10-to 12-fold increase in purity was achieved, the small quantity of enzyme recovered from the column prevented its further characterization. The enzyme recovered was active against the natural plasma substrate and also TDP. It was eluted from the column at the same ionic strength (unpublished observation) as kidney renin prepared by salt precipitation (Haas, Goldblatt, Gipson & Lewis, 1966) .
Addition of either ionic or non-ionic detergents to the extraction medium did not significantly change the yield of the renin-like enzyme of aortic tissue and indicates that the tissue enzyme is not tightly bound to cellular components However, we cannot exclude the possibility that these detergents liberate more renin, which is then denatured by exposure to the detergents.
Care was taken to remove blood contamination from aortic tissue, but several further observations make it unlikely that the renin-like enzyme of aortic tissue represents adhering circulating plasma renin. First, tissue renin and plasma renin do not always show parallel changes. Our studies in the 24 h nephrectomized SH rats confirm the studies of others (Hayduk et al., 1972) demonstrating the presence of renin in the aortic tissue of the nephrectomized animal. Secondly, after the acute period of diuretic administration, there was a divergent change in plasma (increase) and arterial renin (decrease). It appears unlikely that metolazone prevents the binding of plasma renin to aortic tissue, since both the arterial and plasma levels of renin rose after chronic metolazone administration. Thirdly, although similar directional changes in aortic and plasma renin were seen after sodium restriction (increase), hydrallazine caused little change in plasma renin with a concomitant fall in aortic renin to non-detectable levels. In general, therefore, our results indicate that the activities of tissue renin and plasma renin do not necessarily show parallel changes. This behaviour, however, is not invariable (e.g. low sodium diet).
In the present study, using a single species, we have confirmed several previously reported findings. Administration of diuretics (hydrochlorothiazide) to the normotensive dog was shown chronically to reduce arterial renin (Hayduk et al., 1972) . In our study, however, the diuretic metolazone reduced arterial renin only during the acute phase of treatment. Since the blood pressure of the SH rat is not influenced by hydrochlorothiazide, given either acutely as an intraperitoneal injection (Ebihara & Martz, 1970) or orally over a period of 2 weeks (Iriuchijima, 1977) , the acute lowering of blood pressure by metolazone may be attributable to a more potent natriuresis and volume contraction than that caused by hydrochlorothiazide. This postulate is partially strengthened by the fact that concomitant sodium repletion partially neutralized the antihypertensive action. Alternati\vely, the fall in arterial renin content may be responsible for the observed fall in blood pressure.
The observed changes in the rate of the agerelated rise of blood pressure in the. SH rat by manipulation of dietary sodium confirms the results of others (Aoki, Yamori, Ooshima & Okamoto, 1972) . A significant increase in arterial renin content of the dog has also been observed after sodium restriction (Hayduk et al., 1970b) . In the present study, plasma renin did not fall in animals receiving a high sodium diet. It has been reported that the administration of deoxycorticosterone and sodium causes suppression of plasma renin in the younger SH rats (Czyzewski & Pettinger, 1973) and that only older animals (over 40 weeks of age) fail to suppress renin. Perhaps the relatively short period of dietary sodium elevation was not a sufficient stimulus for renin suppression in our study.
In the SH rat, sodium and water retention was evident after hydrallazine administration since treated animals, on the average, gained 20 g more than control animals. Although arterial renin was not detectable, plasma renin was not depressed. The antihypertensive action of hydrallazine in the SH rat has been reported (Ebihara & Martz, 1970; Lovenberg, Yamabe, Nakada & Yamori, 1977) and vasodilatation has been shown (Davis & Freeman, 1976) to cause retention of sodium and water.
The failure of propranolol effectively to reduce blood pressure in the entire group of SH rats agrees with the studies of others (DeJong, Lovenberg & Sjoerdsma, 1972; Vavra, Tom & Greselin, 1973) , showing that only the rate of increase of blood pressure was retarded by propranolol. In agreement with our studies on aortic renin, it has been demonstrated (Dornier, Genest, Boucher, Nowaczynski, Rojo-Ortega, Kuchel & Granger, 1975 ) that brain and adrenal isorenin levels were not affected by propranolol in normotensive rats. It was observed, however, that although propranolol administration did not alter plasma renin activity in the majority of animals studied, plasma renin was undetectable in approximately one-third of the group. It is interesting in this regard that two of the six SH rats in our study group showed a fall in arterial renin with parallel changes in blood pressure.
The progressive decline of aortic renin content with increasing blood pressure in the SH rat appears to parallel the decline in plasma renin observed by ourselves as well as others (Sen, Smeby & Bumpus, 1972) . This decline of aortic renin appears to be the consequence of the elevated blood pressure, since those animals failing to develop hypertension, and the WKY strain, did not show a depression of aortic renin with advancing age. The observed decline in plasma renin has been used as an argument against the postulate that plasma renin is involved in the maintenance of hypertension in SH rats (Sen et al., 1972) . The present studies suggest, however, that aortic renin and blood pressure may be related. Thus, when a fall in blood pressure was induced, a concomitant fall in aortic renin was always observed: with acute metolazone, a phenomenon which appeared to be dose-dependent; with chronic hydrallazine; in two animals receiving propranolol; in two animals receiving a high sodium diet, possibly as a result of sodium toxicity. However, this relationship was not evident in the sodium-deprived animal, where a retardation in the development of hypertension was observed concomitant with an increase in arterial renin. No explanation for this latter finding is available. Our results therefore tend to support the suggestions of others Ganten, Schelling, Vecsei & Ganten, 1976; Thurston & Swales, 1974 that arterial renin may have functional significance, particularly in blood pressure control.
